Abstract Because human and nonhuman animals often share the same environment, there is potential concurrent exposure to toxicants. As a result, domestic animals can be used as sentinels for exposure of people to these agents. Here we present a case illustrating exposure of both humans and domestic animals to lead contamination in their environments. This case study occurred at a farm where cattle deaths were determined to have been caused by lead poisoning based on elevated postmortem tissue lead concentrations. Elevated blood lead concentrations were detected in the remaining cattle, a dog, a cat, and a pregnant woman (37.3µg/dL) living on the farm. The range of blood lead concentrations in the domestic animals was 8.42 (cat) to 85.41µg/dL (calf), although clinical signs of lead poisoning were not apparent in these animals. Further testing revealed the most likely source for lead exposure to be paint in the barn and home.
Introduction
Historically, domestic animals have been used as sentinels for toxic and infectious diseases [1, 2] and more specifically are known to play a critical role in defining human lead exposure as both sentinels and, in the case of food animals, sources of the toxicant [3] [4] [5] . The ability of animals to provide this early warning relies on communication between medical and veterinary medical communities. Though acute lead poisoning is relatively rare in children [6] , chronic childhood lead poisoning is described as one of the most common environmentally caused diseases in children of the USA and developing world [7] . This is due to the continued presence of lead in the environment from sources that predate current lead use regulations in the developed world [8] [9] [10] [11] and the lack of implementation of regulations against the use of lead in developing countries [12] [13] [14] . Lead poisoning remains common in animal agriculture and is the most common heavy metal toxicosis in cattle [15] . Once one of the most commonly reported toxicoses in small animals [16] , lead poisoning has declined in incidence due primarily to the regulated reduction of lead in products such as paint, solder, and gasoline [9, 10] .
Here we present a case study involving a farm in which lead paint contaminated the house and barn. Of the animals tested, measurable concentrations of lead were documented in seven of seven cattle, one of one dog, and one of one cat, but not in three horses or a goat residing on the farm. One human, a pregnant woman living on the farm, had elevated blood lead concentrations.
Case Study
A liver sample from a 2-year-old Angus heifer (Cow 1) was submitted for lead analysis in February 2008. The heifer had a history described as 2 days of "neurological signs" before death. Hepatic lead analysis was performed using inductively coupled plasma-atomic emissions (ICP-AE) spectrometry (Perkin-Elmer, Optima DV2100). The liver lead concentration was 23.1 mg/kg dry matter. Lead toxicosis in cattle has been associated with liver or kidney lead concentrations ≥5 mg/kg wet weight, or more than or equal to approximately 20 mg/kg dry matter (assuming that fresh tissue is 75% water) [17] . A diagnosis of lead poisoning was made based on tissue analysis and clinical signs. The owner of the farm, a pregnant veterinarian, subsequently had her blood tested for lead. Her blood lead concentrations were 37.3µg/dL on February 18, 20.6µg/dL on March 3, and 20.6µg/dL on May 25 (reference range of 0.0 to 9.9µg/dL). The baby was born on May 26, apparently healthy, with a blood lead concentration at birth of 14.0µg/dL. One man lived in the home, but spent relatively little time there compared to the woman. His blood lead concentration was not significantly elevated.
The farm had a single barn with a pen housing the cattle and another pen for three horses. The cattle also had access to a small outdoor paddock, and the horses had access to a large pasture. Two cats roamed freely on the premises. A small pen within the barn was used to house a goat, who also roamed freely when the owners were present. The farmhouse was located across a narrow driveway from the barn and, in addition to the human inhabitants, housed two dogs, which were kept indoors most of the day and allowed access to the barn only when the owners were present. None of the surviving animals developed clinical signs of lead poisoning.
An investigation to determine the source(s) and extent of the lead contamination was conducted and involved collection and analysis of blood, milk, and tissues from animals on the farm, as well as environmental sampling and testing for lead contamination. Blood and/or tissue samples were collected from two additional cows that died, two cows recently post-partum (within 10 days of calving), their two calves, three horses, one goat, one cat, and one dog. Tissue lead concentrations were determined using ICP-AE, and blood and milk samples were analyzed using graphite furnace atomic absorption spectronomy (GF-AA). The results of this testing are summarized in Table 1 . Environmental samples included paint chips from the barn and home, water from various sources, and scrapings from a work bench and two areas of the barn floor. Liquid samples were analyzed via GF-AA and solid samples by ICP-AE. The results are summarized in Table 2 .
Discussion
This case illustrates exposure of both humans and nonhuman animals to lead contamination in their environments and lends further support to previous reports of the use of domestic animals as sentinels for toxic disease in humans. Domestic animals have acted as sentinels for lead exposure in humans [3] [4] [5] , and a recent report of lead toxicosis in two cats raised concern and prompted testing of their pregnant owner, who was subsequently found to have potentially harmful blood lead concentrations in the absence of clinical signs [8] . However, a survey of children in an area where lead poisoning was present in cattle did not find what its authors considered to be significant blood lead concentrations in the children (mean blood lead concentration=2.6µg/dL) [6] . The major source of contamination for animals on the farm in this case study was lead paint. Five cows, two calves, a dog, a cat, and a person living on the property had elevated blood lead concentrations, and one cow and one calf had blood lead concentrations above 30µg/dL, a concentration that has been associated with clinical toxicosis in domestic animals [17] . The paint used on the outside of the home contained 14.4% lead, and cattle had access to paint containing 57.5% lead. There were two different sources of exposure on the farm: lead paint on the barn for the cattle (and cat) and lead paint on the house for the human (and dog). Although there was no direct evidence of ingestion of paint by cattle in the barn, the paint was chipped and peeling. Paint chips were most likely ingested directly from the walls and doors of the barn, though there was also contamination of the debris on the floor of the cattle area (643 mg/kg). The cat probably ingested lead from the floor and barn dust that accumulated on his coat through grooming behavior. It is interesting to note that the horses and goat remained unaffected. The paint in the area of the barn that the horses had access to contained only 14.6-74.6 mg/kg lead, and the paint inside the barn that the goat had access to most of the time contained 445 mg/kg lead.
The house was undergoing renovation, and paint removal was the most likely source of access to lead for the human and dog via inhalation and ingestion of lead paint dust (through grooming in the dog and hand-to-mouth contact or eating from contaminated surfaces in the human). Although the sources of lead paint were different between the cattle and cat and the human and dog, it was the presence of lead poisoning in the cattle that caused the owner to check her own blood lead concentration and to test the paint in the barn and home as possible sources of lead.
Diagnosis of lead poisoning in household pets has been used to indicate the need for testing of people in the home, as noted previously. A study from Illinois determined that high blood lead concentrations in a family dog resulted in a 6-fold increase in probability that at least one child in the household would have an elevated blood lead concentration [5] . Dogs tend to have significantly higher blood lead concentrations than children in the home, usually by a factor of 2 to 4 [7, 18] .
Preventing lead exposure in small children is of particular importance because this is a period of nervous system development [6] . The Center for Disease Control (CDC) set the level of concern for blood lead in children at 10µg/dL, but adverse effects are possible at lower concentrations. Researchers have found IQ deficits and behavior and developmental effects with blood lead concentrations of 10 μg/dL in children [14] .
Blood lead concentrations of 30µg/dL may be associated with clinical lead poisoning in domestic species, as noted previously [17] . Blood lead concentrations in the farm animals ranged from 8.4 (cat) to 85.4µg/dL (calf). None of these animals displayed clinical signs of lead poisoning, although the earlier death of a cow drew attention to the problem of lead contamination on the farm. Similar variations in blood lead concentrations in the absence of clinical signs have been previously reported, although subtle signs such as depression or change in behavior might have been overlooked [13, 19] .
Typical clinical signs of lead toxicosis vary between humans and other mammalian species. Signs in humans include nervous system effects such as lead encephalopathy, cognitive defects, developmental defects, and behavioral changes, as well as anemia [6, 20, 21] . Clinical signs in young cattle are similar to those in humans [22] . The classic presentation for mature cattle includes ataxia, blindness, hypersalivation, and coma, although anemia has also been reported [22, 23] . In contrast to the central nervous system signs seen in humans and cattle, horses more commonly present with peripheral neuropathies [17] . Gastrointestinal signs such as vomiting, anorexia, and diarrhea usually predominate in adult dogs and cats, while neurologic signs are more common in puppies [9, 24, 25] . Absorption of lead is dependent on the form of lead ingested and on the route of exposure. Once absorbed from the gastrointestinal tract, most of the lead is bound to red blood cells with the unbound portion being quickly distributed to various organs including liver, kidneys, and brain. Over time, the lead is redistributed to bone, which serves as a long-term storage depot. Excretion occurs via the feces, urine, and milk. Once the lead is depleted from the soft tissues, bone stores are mobilized and excreted. This process results in the slow, multiphasic half-lives of lead. Measurement of the halflife of intravenously administered lead in dogs revealed a triphasic pattern of 12, 184, and 4,591 days [17] . Similarly, the half-life of lead in cattle has been shown to range from 48 to 2,507 days [15] . Since the cattle in this study were destined for beef production, further testing was advised to determine when the blood lead concentration had decreased adequately before slaughter. Testing of meat was also recommended. Although lead was detected in milk from two of the cows, these were beef cattle and not dairy cattle; thus the milk was not used for human consumption. Regulation of the allowable amount of lead in meat and milk varies between states.
In summary, domestic animals have the potential to act as sentinels for toxicant exposure in humans. Companion animals, like cats and dogs, often share the immediate environment of people and have access to the same air, water, and food [6, 26, 27] . Livestock, including cattle, horses, and goats, on the other hand, can have increased exposure to certain environmental toxicants since they live in outdoor environments [22] . The case described here illustrates that animals living in close proximity to humans are susceptible to environmental toxicant exposure. Thus identification of elevated tissue contaminant concentrations or overt toxicosis in domestic animals can provide an early warning to a potential problem in people sharing the same environment. Human food chain contamination must be considered for the affected cattle, since these animals were destined for eventual human consumption. Collaboration between the medical and veterinary medical communities will allow more advantageous use of domestic animals as sentinels [1] .
